Context: Tuberculosis (TB) has become the most common opportunistic infection among individuals with human immunodeficiency virus (HIV) infection worldwide and continues to be a major killer resulting in 0.4 million deaths every year. While some of the risk factors for developing TB in HIV-infected individuals are known, identifying other risk factors will help in screening strategies to pick out those at higher risk for closer follow-up. Aims: The aim of this study was to identify the risk factors related to the development of active TB in HIV-infected individuals. Settings and Design: This case-control study among the HIV-infected individuals was carried out at a HIV clinic in a large tertiary care hospital in South India. Methods: HIV-infected individuals >18 years of age with confirmed TB were chosen as cases. For each case, two age-and sex-matched controls, diagnosed to have HIV infection without active TB or history of TB, were included. The potential risk factors for the development of active TB were evaluated using the odds ratios (ORs) and logistic regression analysis. Results: A total of 150 patients, 50 cases (mean age: 39.3 ± 7.2 years) and 100 controls (mean age: 40.2 ± 7.1 years) were included. On univariate analysis, smoking (OR 8.14, 95% confidence interval [CI]: 3.13-21.21; P < 0.001), low body mass index (OR 6.31, 95% CI: 2.75-14.48; P < 0.001), chronic obstructive pulmonary disease (P = 0.013), ethanol consumption (OR 8.61, 95% CI: 3.57-20.81; P < 0.001), CD4 cell count < 200 cells/µL (OR 13.12, 95% CI: 5.64-30.50; P < 0.001), and not on antiretroviral treatment (ART) (13.34, 95% CI: 5.85-30.41; P < 0.001) were associated with active TB. The risk factors found to be independently associated were CD4 counts < 200 cells/µL (OR 5.75, 95% CI: 1.81-18.20; P = 0003), smoking (OR 7.40, 95% CI: 1.47-37.15; P = 0.015), and not being on ART (OR 13.94, 95% CI: 3.84-50.61; P < 0.001). Conclusion: Initiating ART as soon as possible and patient education on modifiable risk factors including counseling for smoking cessation for HIV-infected individuals are warranted.
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Introduction
Tuberculosis
(TB) caused by Mycobacterium tuberculosis along with human immunodeficiency virus (HIV) infection continues to be a major killer resulting in 0.4 million deaths every year, majority of whom live in Sub-Saharan Africa and Asia. The World Health Organization (WHO) reports that in 2015, there were an estimated 10.4 million cases of TB globally, of which 1.2 million (11%) were HIV-infected individuals. Almost 57% of TB cases among people living with HIV were not diagnosed or treated, resulting in 390000 TB-related deaths among people living with HIV in 2015. [1] Among the 34 million HIV-infected individuals worldwide, 14 million are estimated to have latent or active TB. [2] HIV-infected individuals with latent TB have a 20-fold increase in the development of active TB. [3] Individuals with HIV and TB co-infections face a heavy toll as the immune system is compromised to a great extent. The declining CD4 cells which occur in HIV infection as the disease progresses lead to a greater risk of TB reactivation and development of active disease. Thus, TB has become the most common HIV-associated opportunistic infection in the world, and it accelerates the HIV disease progression as well. Nearly 25% of TB-related mortalities are attributed to HIV infection, and TB is attributed to nearly one-third of AIDS-related mortality worldwide.
Although antiretroviral treatment (ART) is shown to reduce the incidence of TB by up to 80%, the incidence of active TB remains high within the first few months of ART initiation. [4] This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercialShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. This is probably related to the unmasking of subclinical TB associated with immune recovery after initiating ART. While some of the risk factors for the development of TB in HIV-infected individuals such as low CD4 cell count are known, the development of active TB in HIV-infected individuals with reasonable CD4 counts suggests other contributing factors as well.
Some of the risk factors for TB in HIV-infected individuals are well known. The incidence of TB in HIV-infected individuals with CD4 cell count <200 cells/cumm, a body mass index (BMI) <18.5 kg/m 2 , and anemia was found to be higher. [5] The absence of antiretroviral therapy is also a significant risk factor for the development of TB. [6] However, in the current era of widely available ART, the development of TB more than 6 months after starting ART also poses a significant burden. [7] Hence, identifying the risk factors will help in screening strategies to pick out the individuals at highest risk for closer follow-up and interventions. Furthermore, better understanding of these risk factors will allow modifying the risk factors and planning and implementation of effective preventive strategies such as isoniazid preventive therapy (IPT). Hence, the aim of this study was to identify the risk factors related to the development of active TB in HIV-infected individuals in the region.
Methods
This case-control study among the HIV-infected individuals was carried out at a HIV clinic in a large tertiary care hospital in South India during August 2011-July 2012. The HIV-infected individuals >18 years of age with confirmed TB were chosen as cases for the study. Patients with HIV were screened for possible active TB using a symptom screen consisting of cough of any duration, fever of any duration, or night sweats lasting 3 weeks or more during the previous 4 weeks and those found to be negative on this symptom screen were chosen as controls. For each case, two age-and sex-matched controls who were diagnosed to have HIV infection without active TB or history of TB were included based on the simple random sampling from the HIV patients attending the same clinic. HIV infection was confirmed by the WHO/NACO Strategy 3 by three assays consisting of chemiluminescent microparticle immunoassay, ELISA, and immunochromatography. The diagnosis of TB was based on the clinical features consistent with TB and positive mycobacterial culture or GeneXpert (MTB/RIF assay) or histopathology showing necrotizing granulomatous inflammation.
An informed consent was obtained from all participants of the study. The patients were interviewed, and all information was collected on a predesigned pro forma which included questions about smoking, alcohol consumption, concomitant diseases, medication, and past infections. Clinical information from the patients including history of fever, cough, weight loss, vomiting, seizures, altered sensorium, abdominal pain, and diarrhea were collected. Physical examination was performed and documented. CD4 counts within the last 6 months were also documented. This study was approved by the Institutional Review Board and Ethics Committee.
The potential risk factors for the development of active TB were evaluated using the odds ratios (ORs) and logistic regression analysis using SPSS version 17.0 (SPSS South Asia (P) Ltd, Bangalore, India). Initially, all factors were evaluated using a Chi-square test. Based on these results, multivariate logistic regression analysis was performed consisting of all factors significant at P < 0.05.
Results
A total of 150 patients were recruited into the study which included 50 cases and 100 controls. The mean age (±standard deviation) of the HIV-infected individuals with active TB was 39.3 ± 7.2 years and 40.2 ± 7.1 years among those without TB. Both cases and controls were predominantly men (80%). Of the HIV-infected individuals, 40 (26.6%) were unemployed, 30 (20%) manual laborers, 14 (9.3%) drivers, 12 (8%) agriculture workers, and 11 (7.3%) housewives. The mean BMI among the cases was 18.53 ± 2.84 kg/m² while the controls had a mean of 22.87 ± 4.43 kg/m². The median interquartile range (IQR) CD4 counts of cases and controls was 100 cells/µL (53-196) and 370 cells/µL (210-512), respectively. The median (IQR) duration of diagnosis of HIV infection among the cases was 2.5 months (0-13.5) and that of controls 24 months (9-57). Only 22% of cases were on ART while 79% controls were on ART at enrollment. The median (IQR) duration of ART among cases was 4 months (2-48 months) and among controls was 24 months (6-36 months). In 42% of cases, diagnosis of active TB led to the detection of HIV infection. Out of the 50 patients with TB, 29 (58%) had extrapulmonary and 16 (32%) had pulmonary TB. Five patients were started on empirically on antituberculosis treatment. The extrapulmonary organs involved were lymph node (n = 15), bone marrow (n = 7), pleura (n = 2), cerebrospinal fluid (n = 2), ascitic fluid (n = 1), epidural abscess (n = 1), and chest wall abscess (n = 1). The baseline characteristics are summarized in Table 1 .
On univariate analysis, smoking (OR 8.14, 95% confidence interval [CI]: 3.13-21.21; P < 0.001), low BMI (OR 6.31, 95% CI: 2.75-14.48; P < 0.001), chronic obstructive pulmonary disease (P = 0.013), ethanol consumption (OR 8.61, 95% CI: 3.57-20.81; P < 0.001), CD4 cell count < 200 cells/µL (OR 13.12, 95% CI: 5.64-30.50; P < 0.001), and not on ART (13.34, 95% CI: 5.85-30.41; P < 0.001) had significant association with active TB [ Table 2 ]. Individuals with diabetes mellitus, chronic kidney disease, and chronic liver disease were not found to be at increased risk of developing TB.
On multivariate analysis, smoking (OR 7.40, 95% CI: 1.47-37.15; P = 0.015), CD4 cell count <200 cells/µL (OR 5.75, 95% CI: 1.82-18.21; P = 0.003), and not on ART (OR 13.94, 95% CI: 3.84-50.61; P < 0.001) were independently associated with active TB in HIV-infected individuals [ Table 3 ].
Discussion
In this study where we evaluated the risk factors for the development of active TB in HIV-infected individuals, the following important risk factors were found to be independently associated. CD4 counts <200 cells/µL (OR 5.75, 95% CI: 1.82-18.21; P = 0.003), smoking (OR 7.40, 95% CI: 1.47-37.15; P = 0.015), and not being on ART (OR 13.94, 95% CI: 3.84-50.61; P < 0.001) showed several fold increase in risk of developing active TB. Data from India on risk factors for TB in HIV infection are limited and our data demonstrate modifiable risk factors and potential prevention options.
Majority of TB cases in our study occurred in patients who have not been on ART or within few months after ART initiation. Furthermore, 42% of cases in our study, the diagnosis of TB led to the detection of HIV infection. Risk factors such as low CD4 cell counts and low BMI were found to be significant, similar to the previous studies.
[ 8] The risk of active TB among individuals with CD4 cell counts <200 was nearly 6 times higher than those with higher CD4 cells counts (OR = 5.75). This finding is in line with a previous study from South India which evaluated TB incidence in patients on ART which reported that majority of patients with TB (87.7%) had a baseline CD4 cell count <200/cumm. [9] Reducing immunity with declining CD4 cell count results in reactivation of latent TB and increases the risk of acquiring new infection. Our study also demonstrates that not being on ART greatly increases the risk of the development of TB (OR = 13.94). This indicates that one of the most effective ways to prevent active TB in people with HIV infections is initiating ART as soon as possible. Previous studies also have shown that TB incidence decreased by about 80% in those who are on ART. [4, 10] Unfortunately, only a smaller proportion (38%) of TB cases in our study was on ART, indicating that there is still an unreached population who is not diagnosed early and initiated on ART.
Another important finding in this study is smoking as independent risk factor for TB (OR = 7.4) which is modifiable. The association of smoking and active TB in non-HIV-infected individuals has been well documented. [11] [12] [13] However, a similar association in HIV-infected individuals are sparse. The strong association of smoking and TB in HIV-infected individuals as observed in this study warrants counseling and health education in these patients. Even though alcohol consumption, another modifiable risk factor, was found to be significant on univariate analysis, it did not span out to be an independent risk. Patients should be informed about the harmful effects of smoking and alcohol, and adequate efforts must be taken for encouraging them to quit. Sufficient effort should be taken to inform the patients of the dreadful consequences of smoking and alcohol and encourage them to quit. In addition to smoking and alcohol, low BMI (OR 6.31) also was found to be a risk factor for TB. This could be because of the weight loss in active TB or increased risk of the development of TB as documented in other studies. [14, 15] Although diabetes mellitus is another known risk factor for active TB, the low number of individuals in this study did not show any significant association with active TB.
Our study highlights the importance of continued effort in getting patients with HIV infection into care and intensifies diagnostic and preventive strategies for TB. The HIV-infected individuals with identified risk factors such as low CD4 count, absence of ART, smoking, and low BMI require closer follow-up and intense screening for prevention and case-finding strategy. This high-risk target group may also benefit from IPT once active TB is ruled out. However, the efficacy of IPT for patients on ART across the spectrum of patient characteristics and CD4 cell counts is still limited.
There are some limitations to this study. First, as an age-and sex-matched case-control study, there were limitations in the selected controls. Majority of the cases and consequently the controls turned out to be men. Second, the lower number of cases in this study had only small number of risk factors such as diabetes mellitus which did not turn out to be significant. Third, there may have been some risk factors which we failed to include in this study such as contact with other cases, treatment adherence, and biological factors.
Conclusion
This study reports important modifiable risk factors for the development of TB in HIV-infected individuals in South India. Most important independent risk factors for active TB among HIV-infected individuals included smoking, lower CD 4 cell count, and the lack of ART. Initiating ART as soon as possible and enhanced TB screening before and after ART initiation are warranted. Health education for HIV-infected individuals including counseling for smoking cessation is important for preventing active TB. IPT in high-risk individuals after ruling out active TB may be an appropriate strategy.
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